ABSTRACT Systemic treatment is the standard treatment for unresectable stage III and IV lung cancer. Nevertheless, a 5-10% death rate has been described within 30 days after the last systemic treatment, suggesting that these patient did not benefit. We analysed the 30-day mortality after start of systemic therapy.
Introduction
Lung cancer has a dismal prognosis, notwithstanding the exciting progress that has been made in the fields of stereotactic irradiation, personalised medicine and immunotherapy. In advanced-stage lung cancer, treatment focuses on prolonging the remaining time of life, while preserving an as well as possible quality of life. The balance in doing right or wrong remains delicate, especially when chemotherapy is prescribed.
The importance of this balance is underlined by the limited survival of stage IV lung cancer patients. In 2004, the Big Lung Trial settled the question of whether chemotherapy improved survival in nonsmall cell lung cancer (NSCLC) patients [1] . Median survival improved from 5.7 to 8.0 months in the best supportive care and chemotherapy groups, respectively. Patients with an activating epidermal growth factor receptor (EGFR) mutation have a more favourable median survival of 18.6 months, when treated with EGFR-tyrosine kinase inhibitors [2] . Second-line treatment with docetaxel improved the median survival from 4.6 months for patients receiving best supportive care to 7.0 months for those receiving docetaxel [3] . In general, chemotherapy prolongs overall survival and symptom-free survival, it palliates tumour-related symptoms and improves quality of life [4] . Unfortunately, not every patient will benefit.
It is up to the physician to estimate whether a patient is fit for the treatment and likely to benefit from systemic therapy. Guidelines list good performance status and sufficient organ function as predictors for uneventful chemotherapy [5, 6] . Advanced age is not regarded as a discriminating factor.
Apart from survival time, patient-reported outcome measures are becoming increasingly important in the assessment of treatments and clinics [7] The International Consortium for Health Outcomes Measurement advocates the use of quality-of-life and quality-of-death measures. The latter focus on the dismal sides of treatment. Parameters like "place of death" and "duration of time spent in hospital at the end of life" make quality of death a measurable parameter. This stresses the need for proper selection of patients for chemotherapeutic treatment, in order to minimise severe toxicity, leading to hospitalisation and early death.
In 2016, 30-day mortality after systemic anticancer treatment was proposed as a novel indicator to monitor the quality of care [8] . The 30-day cut-off seems appropriate, as patients who succumb within this short period of time are not likely to have benefited from any systemic therapy.
In England, National Health Service hospital trusts routinely report key treatment details to Public Health England, including the treatment regimen, start date and cycle number. For a cohort of 15 045 lung cancer patients who received systemic therapy in 2014, 30-day mortality was calculated from the start of the most recently reported treatment cycle. Mortality was 8% overall, ranging from 3% in patients treated with curative intent to 10% in patients treated with palliative intent. Recently, 30-day mortality in a Canadian Cancer Centre was reported for NSCLC patients treated from 2010 to 2014 [9] . The 30-day mortality for cytotoxic chemotherapy was 10.6%, for anaplastic lymphoma kinase/tyrosine kinase inhibitor therapy 10.3%.
Considering that this 10% figure is deemed unexpectedly high, we decided to repeat the study in patients with advanced-stage lung cancer in the Netherlands. Potential prognostic factors were analysed to identify subgroups at higher risk of early death and to assess variation between individual hospitals and hospital characteristics.
Methods

Source
Information regarding lung cancer patients who underwent systemic treatment for TNM (tumour, node, metastasis) stage III/IV from 2010 to 2015 was retrieved from the Netherlands National Cancer Registry (NNCR), after approval by the privacy review board. In accordance with the regulations of the Central Committee on Research Involving Human Subjects, this type of study does not require approval from an ethics committee in the Netherlands. The NNCR collects data on all cancer patients diagnosed in the Netherlands, based on notification of newly diagnosed malignancies by the national automated pathological archive and of hospital discharge diagnoses. Information on demographics, diagnosis, staging and treatment is extracted routinely from the medical records by specially trained NNCR personnel. Stage information was recorded according to the 7th edition of the TNM Classification of Malignant Tumors from the International Union Against Cancer. Information on survival status and date of death is updated annually using a computerised link with the national civil registry. The starting date of systemic treatment is manually recorded but information on consecutive cycles, and maintenance or second-line treatment is lacking. Information on chemotherapy regimen, performance status and/or comorbidity was not available.
Patient selection
This study incorporated adult patients (aged >17 years) with stage III or IV lung cancer, irrespective of the histological subtype, and primarily treated with systemic therapy (excluding hormonal treatment and immunotherapy). The selection process included patients who later received additional treatment such as radiotherapy or surgery. Records were excluded if the date of systemic treatment was missing (n=748) or when systemic treatment was not the first therapy (n=2315).
Study variables
Age was categorised in four subgroups. Histology is coded according to the third edition of the International Classification of Disease for Oncology (ICD-O-3) and was categorised in four subgroups: small cell lung cancer (SCLC), squamous cancer, adenocarcinoma and a remaining group comprising large cell carcinoma, not otherwise specified and tumours such as carcinoids and sarcomatoid carcinomas. Stage was stratified as IIIA, IIIB and IV. For patients with stage IV disease, the number of metastatic sites involved was designated as one, two or three or more. Type of treatment was categorised as chemotherapy or targeted treatment.
Statistical analysis
Statistical analyses were performed using Stata 14 (StataCorp, College Station, TX, USA). The proportion of patients with 30-day mortality after start of systemic treatment was tabulated and differences between subgroups were tested for significance using Chi-squared statistics. Multivariable analysis was performed using logistic regression. The significance of predictive factors was assessed in backward analysis with the log-likelihood test and significant ( p<0.05) parameters are represented by OR (95% CI). Variation between hospitals was assessed using hierarchical logistic regression, including hospital of chemotherapy as a first-level (random effect) variable. Patients were excluded if the hospital of chemotherapy was unknown (n=19) or when the patient was treated abroad (n=31). Odds ratios for the involved hospitals were derived by post-estimation commands and are plotted against volume. Significant aberrations ( p<0.05) are displayed by a marker with a different type and colour. The hospital with the largest treatment volume is not included in the graph to preserve anonymity.
Results
The study series comprised 26 277 patients, with more males (56%) than females (44%) (table 1). The median age was 65 years and 31% of patients were aged ⩾70 years. 27% were diagnosed with SCLC and 73% with NSCLC. Adenocarcinoma was more common than squamous carcinoma (41% versus 17%, respectively). TNM stage IV comprised two-thirds of the study population and 13% of cases had distant metastases in three or more organ systems. The proportion of patients treated with targeted treatment increased with time from 4% in 2010 to 7% in 2015 (data not shown).
Overall mortality within 30 days after the start of systemic treatment was 6.2%. Only 11 (0.04%) patients died on the first day; 313 (1.2%) during the first week. Age, sex, stage, histology, the number of involved metastatic organs and type of systemic treatment were significantly correlated with 30-day mortality rates in bivariate analysis. The 30-day mortality rose with increasing age from 4.6% in patients aged 18-59 years to 9.8% in patients aged ⩾80 years. 30-day mortality was particularly high for stage IV (7.8%), SCLC (8.5%), targeted treatment (8.6%) and with distant metastases in three or more organ systems (11.5%). Year of diagnosis had no influence on the 30-day mortality rate. Multivariable analysis confirmed the prognostic influence of age, histology, number of metastatic sites involved and type of systemic treatment. The risks were highest for patients aged ⩾80 years (OR 2.3, 95% CI 1.8-2.9), SCLC (OR 1.7, 95% CI 1.5-1.9), three or more metastatic sites involved (OR 4.3, 95% CI 3.7-5.1) and targeted treatment (OR 1.3, 95% CI 1.1-1.6). The risk in octogenarians with SCLC and three or more metastatic sites involved was 28%.
Chemotherapy was administered in 77 hospitals, including one oncological centre, eight university hospitals and 68 general hospitals. The annual number of patients treated by each hospital ranged from 15 to 161. None of the hospitals had significantly higher 30-day mortality according to hierarchical multivariable analysis, controlling for case-mix (figure 1). In two hospitals, results were significantly better than the national average.
Discussion
Our study confirms a substantial risk of early death after systemic treatment for advanced lung cancer. Calculated from the start of the first cycle, the overall 30-day mortality was 6.2%. This figure may seem low compared to other published data, but direct comparisons are problematic due to differences in study population and methodology. For example, the 10% rate reported for systemic treatment with palliative intent in England [8] not only involved first-line treatment, but included maintenance and second-line treatments, and it was measured from the last cycle of chemotherapy. The English study mentioned that the 30-day mortality was 2.5 times higher in treatment-naive patients, a population that more closely resembles the population in our analysis. In addition, direct comparison with end-of-life studies, which trace back treatment data for patients after death, is questionable. A recent French study evaluated >270 000 hospitalised patients who died from metastatic cancer and reported that 20% received chemotherapy during the last month before death [10] . Again, this involves early death after any cycle, whereas our series only evaluated the first cycle. Similar disparities may occur by comparing data from population-based series with those from expert centres or trial populations. However, a combined analysis of clinical trials by the Medical Research Council Lung Cancer Working Party on small-cell lung cancer revealed that 10% of patients died within 3 weeks of the start of chemotherapy [11] .
Irrespective of the definitions used, the general impression emerges that it will remain a challenge to determine which patients may benefit from chemotherapy, and for which patients treatment will merely be a burden during the last weeks of their life. This question not only relates to the start of chemotherapy, but also pertains to continuation of treatment for patients who experience toxicity, or to the decision to start with second-line chemotherapy or experimental treatment. Early death after systemic therapy, focussing on longer-term goals, implies that the victims may not have been prepared for their upcoming decease, and that they may not have had the time and opportunity for a proper farewell of their loved ones. Also, they may not have died in their preferred place of death. >50% of patients, but also of relatives and friends, preferred home care in advanced illness, with inpatient hospice as a second choice [12] . This was confirmed in a prospective telephone survey of >9500 people in seven Western European countries [13] , in which 51-84% of the participants mentioned that they would prefer to die at home. This contrasts with the observation that 22-52% of the cancer patients aged >65 years, included in a retrospective cohort study using administrative and registry data from 2010 from seven countries, died in an acute-care hospital [14] .
Our analysis identified several factors predicting a higher 30-day mortality, such as high age, high tumour stage and small cell lung cancer histology (versus NSCLC). These factors are well-known prognostic factors too. Our study design does not give us the opportunity to discriminate between factors associated with higher chemotherapy-induced mortality and prognostic factors identifying patients with a poor prognosis, irrespective of the treatment. The 30-day mortality might be unexpectedly high due to our inability to properly identify patients with a poor short-term prognosis. For individual decision making, better prognostic models are needed, including parameters on comorbidity and performance score [15] .
Although systemic therapy is the standard treatment for advanced stage lung cancer, thus far early death has received little attention. Early death can be related to treatment-related toxicity or to progressive disease. In our study, the cause and place of death might have shed more light on this subject, but these data were not available due to privacy regulations. In general, neutropenic sepsis generally occurring at day 10-15 may be responsible for death within 30 days. A study from the Royal Marsden Hospital (London, UK) evaluated all patients who received chemotherapy and assessed the cause of death for patients who died within 30 days [16] . They reported an 8% mortality and concluded that 76% of deaths were related to progressive disease. This supports the above-mentioned statement that the 30-day mortality is probably mainly influenced by the natural course of lung cancer.
The high 30-day mortality rate in patients receiving targeted therapy is hard to explain, as this treatment tends to have a higher radiological and clinical response rate than chemotherapy for the selected patient population [2] . Whether this can be explained by patient mix, allowing patients with a worse performance to start this type of treatment, remains to be established. A fact is that, even within selected EGFR-mutated study populations, lung cancer patients do die within 30 days after start of therapy.
Currently, immunotherapy has been registered as first-line systemic treatment [17] . Immunotherapy combinations [18] and combinations of immunotherapy with chemotherapy have shown progression-free survival and/or survival benefits [19, 20] . A closer look to the survival curves of the phase III studies revealed a 30-day mortality estimate of 3-8%. Early death after the start of therapy will remain a challenge for the near future, and when immunotherapy combinations become standard of care.
Our analyses did not show major institutional variation, suggesting that early death after systemic therapy is a universal phenomenon affecting every hospital. Results were superior in three out of 77 hospitals, perhaps related to clinical care or better/more stringent selection of fit patients. Given the absence of information on performance status or comorbidity, residual confounding may still be present and 30-day mortality might be lower in hospitals where doctors are more reluctant to prescribe systemic treatment. In our series, 6 years of data were needed to detect three outliers and, hence, 30-day mortality does not appear to be a promising quality parameter at hospital level. It does not fulfil the criteria for a worthwhile parameter, able to discriminate good from poor quality of care [15] . Such a parameter should be sensitive, needs to be robust, accurate, easily reproducible and interpretable, and validated in the relevant setting. In England, the figures from individual hospital trusts are publicly reported [21] . For the palliative treatment of lung cancer, seven out of 147 trusts had results above the 95% upper control limit and two trusts even had results above the 99.8% control limit [8] . It is unknown whether public reporting will eventually lead to better results. Such an endeavour requires considerable data collection.
Our work has several limitations, which are mainly related to the limitations of the database. Information on performance score, comorbidity and other prognostic factors such as socioeconomic status and ethnicity was lacking, which limits the interpretability and generalisability of our data. Moreover, we only evaluated the start of treatment, while other studies assessed successive cycles in addition. Information on cause of death was not available, hampering distinction between death due to progressive disease or toxicity.
